We are continuing our studies of the chemical constituents of Hepaticae by determining the structures and biological activity of the isolated compounds and investigating the chemosystematics of Hepaticae. It has been shown that most liverworts contain lipophilic mono-, sesqui-and diterpenoids and phenolic compounds which are present in the oil bodies and the biological activity of liverwort is due to these substances.
A number of liverworts (Hepaticae) have characteristic fragrant odors and an intense hot and bitter taste. Generally, liverworts are not damaged by insects, snails, slugs and other small animals. Furthermore, some liverworts cause potent allergenic contact dermatitis. Most of the Hepaticae possess cellular oil bodies which are very important markers for the classification of liverworts. [1] [2] [3] We are continuing our studies of the chemical constituents of Hepaticae by determining the structures and biological activity of the isolated compounds and investigating the chemosystematics of Hepaticae. It has been shown that most liverworts contain lipophilic mono-, sesqui-and diterpenoids and phenolic compounds which are present in the oil bodies and the biological activity of liverwort is due to these substances. 4) As a part of the search for novel skeletal terpenoids, aromatic compounds and biologically active compounds in liverworts, we are focussing on the Jungermannia L. belonging to the Jungermanniaceae (Jungermanniales) because many of them have a very characteristic fragrance and/or potent bitter taste. There are 41 Jungermannia species in Japan. Among them, J. infusca is not only a morphologically but also a chemically interesting species because it is polymorphic and its chemical constituents are very dependent on the collection site. 5) In our previous paper, 6) we reported the isolation and structure characterization of several sesqui-and diterpenoids of J. infusca. In order to confirm the chemo-type of this species, we collected it in Ehime prefecture and reinvestigated its chemical constituents. We were able to isolate three new clerodane-type diterpenoids (1-3), along with their related clerodane-(4-12) and labdane-type diterpenoids (13-16) and d-tocopherol. Here we wish to report the structure determination of the new compounds and the chemosystematics of the present species.
Three new clerodane-type diterpenoids, infuscolide A (1), 17-hydroxy-3,13E-clerodadien-15-al (2) and 17-hydroxy-3,13Z-clerodadien-15-al (3), were isolated from the ether extract of J. infusca, together with known clerodane-types: cleroda-3,13(16),14-triene (4), 7) cleroda-3,13(16),14-trien-17-al (5), 8) infuscaic acid (6) which possesses superoxide anion radical release inhibitory activity, 9) cleroda-3,13(16),14-trien-17-ol (7), 9) 15-oxo-3,13E-clerodadien-17-oic acid (8), 8, 10) cleroda-3,13E-diene-15,17-dial (9), 8) 15-oxo-3,13Z-clerodadien-17-oic acid (10), 8, 10) cleroda-3,13Z-diene-15,17-dial (11) 8) and 15-hydroxy-3,13E-clerodadien-17-al (12), 9) labdane-types: gomeraldehyde (13), 9) epi-gomeraldehyde (14), 9) isoabienol (15) 11) and 13-epi-sclareol (16), 12) and d-tocopherol (17). 13) The IR spectrum of 1 showed the presence of a g-lactone (1780 cm (Tables 1 and  2 ) spectra of 1 showed the presence of a trisubstituted double bond, two methines and carbonyl carbon of the lactone ring, and two methines and two quaternary carbons of an a,b-disubstituted furan ring, together with two tertiary methyls, two olefinic methyls, four methylenes, two methines and two quaternary carbons. The gross structure of 1 was suggested to be a trans-clerodane-type diterpenoid by comparison of the above spectral data with those of compounds 4-12. (Table 1) showed the signals of a formyl proton, a methylene proton bearing a hydroxyl group, two olefinic protons and two tertiary methyls and two olefinic methyls. The 13 C-NMR (Table  2) and distortionless enhancement by polarization transfer (DEPT) spectra suggested the presence of two trisubstituted double bonds, a formyl carbon, a methylene bearing a hydroxyl group, together with four methyls, six methylenes, two methines and two quaternary carbons, respectively. These NMR spectra resembled those of trans-clerodanes 4-12. The 1 H-1 H and long-range 1 H-13 C correlations of 2 were confirmed by the 1 H-1 H COSY, HMQC and HMBC spectra as shown in Fig. 3 . On the basis of the above spectral evidence, the structure of 2 was suggested to be a trans-clerodane-type diterpenoid with a hydroxyl and a formyl group. In addition, the NOESY spectrum showed NOEs between (i) H-15 and H-16, (ii) H-12 and H-14, and (iii) H-20 and H-19, H-17. From these results, the geometry of the 13,14-double bond is E. Thus, the structure of 2 was established as 17-hydroxy-3,13E-clerodadien-15-al.
The IR spectrum of 3 showed the presence of a hydroxyl (Tables 1 and 2) were almost similar to those of 2, indicating that compound 3 was a trans-clerodane-type diterpenoid. Furthermore, detailed analysis of 1 H-1 H COSY, HMQC and HMBC spectra showed that compound 3 was the geometrical isomer of 2. The NOESY spectrum of 3 showed NOEs between (i) H-16 and H-14, (ii) H-15 and H-12, (iii) H-20 and H-19, H-17, respectively. Thus, the structure of 3 was confirmed as 17-hydroxy-3,13Z-clerodadien-15-al.
The absolute configuration of 1-3 could be the same as that of 8 which was established by X-ray crystallographic analysis of the carbamate derived from 8, 7) coexisting in the same species.
At present, four chemo-types of J. The present J. infusca, which contains clerodane-and labdane-type diterpenoids as its main constituents, is classified as type [II] .
Experimental
Melting points were measured on a Yanagimoto micromelting points apparatus without correction. Optical rotations were measured on a Jasco DIP-1000 polarimeter with CHCl 3 . IR spectra were recorded on a Jasco FT/IR-5300 infrared spectrophotometer. 14) followed by heating. Plant Material Jungermannia infusca (MITT.) STEPH. (9509501) was collected in Higashikawadani, Ehime pref. Japan. Dr. M. Mizutani (The Hattori Botanical Laboratory, Miyazaki, Japan) identified this species and a voucher specimen was deposited at the Institute of Pharmacognosy, Tokushima Bunri University.
Extraction and Isolation The ether extract (4.5 g) of J. infusca was divided into nine fractions by column chromatography (CC) on silica gel (35-70 mesh) using an n-hexane-EtOAc gradient solvent system. Cleroda-3,13(16),14-triene (4, 30 mg) was isolated from fr. 1. fr. 2 was chromatographed on silica gel (230-400mesh, n-hexane-EtOAc 19 : 1) and Sephadex™ LH-20 to give clerod-3,13(16),14-trien-17-al (5, 30 mg). Fraction 3 was divided into five fractions (3-1-3-5) by CC on Sephadex™ LH-20 and silica gel (230-400 mesh, n-hexane-EtOAc 9 : 1). Gomeraldehyde (13, 163 mg) and isoabienol (15, 391 mg) were isolated from fr. 3-2 and fr. 3-4, respectively. epi-Gomeraldehyde (14, 37 mg) was purified by preparative HPLC (NUCLEOSIL 50-5, n-hexane-EtOAc 9 : 1) of fr. 3-3. Fraction 3-5 was also purified by preparative HPLC (NUCLEOSIL 50-5, n-hexane- 
